The potent suppression of adipocyte differentiation by 4-(4-methylbenzamino)benzoate was discovered during the search for new antiobesity compounds. 4-(4-methylbenzamino)benzoate was observed to suppress adipocyte differentiation in 3T3-L1 cells by 96.8% at 50 M without cytotoxicity. In addition, 4-(4-methylbenzamino)benzoate reduced the cellular expression of fatty acid synthase in a concentration-dependent manner, as well as suppressing PPAR-gamma activity, which controls fatty acid storage and glucose metabolism. Based on these results, 4-(4-methylbenzamino)benzoate shows potential as an antiobesity material.
Introduction
Obesity, a major factor in the development of heart disease, cancer, hypertension, diabetes, and degenerative arthritis, is induced by adipocyte differentiation due to hormonal changes and imbalances in energy metabolism caused by excessive fat intake [1] [2] [3] [4] [5] . Adipogenesis in the body is the process of cell differentiation by which preadipocytes become adipocytes during fat accumulation. Mature adipocytes are differentiated from immature adipocytes such as fibroblasts and form lipid droplets inside cells [6, 7] .
Studies have shown that natural compounds, resveratrol and genistein, have antiobesity effects [8] [9] [10] [11] . Resveratrol and genistein are contained in grapes and beans, respectively. Although some antiobesity drugs are currently available, such as orlistat, sibutramine, or sertraline, several side effects have been reported [12] . Thus, studies are being conducted on compounds with antiobesity effects to replace these drugs. In this study, the potent adipogenesis-suppressing activity of 4-(4-methylbenzamino)benzoate (MBAB, Figure 1 ) was observed in 3T3-L1 cells without cytotoxicity, during the search for new antiobesity substances. MBAB exhibited higher adipogenesis-suppressing activity compared to resveratrol or genistein. Therefore, MBAB show great potential as a new antiobesity substance.
Materials and Methods

Materials.
MBAB was synthesized using a previously reported method [13] . Resveratrol and genistein, which were used as positive controls, were purchased from SigmaAldrich (St. Louis, MO, USA). The 3T3-L1 cells were purchased from American Type Culture Collection (Manassas, VA, USA) and the FAS antibodies from Cell Signaling Technology (Danvers, MA, USA).
Cell
Culture and Differentiation. 3T3-L1 cells were cultured in DMEM culture medium with 10% FBS, at 37 ∘ C, and 5% CO 2 conditions. For the differentiation, 3T3-L1 cells were grown in a 48-well plate until confluence, and differentiation was induced by incubation with a hormonal cocktail containing 10 g/mL insulin, 0.5 M dexamethasone, and 0.5 M IBMX for 24 h. The cells were then incubated with a normal medium containing 10 g/mL insulin in the presence or absence of MBAB, resveratrol, and genistein for 8 days. 
Cell Viability.
After differentiation was completed, 0.5 mg/mL of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] was added and incubated at 37 ∘ C for 4 hours. After eliminating the MTT solution, 200 L of DMSO was added and absorbance at 540 nm was measured to determine cell viability.
Oil Red O Staining and TG Assay.
When differentiation was complete, the cells were washed with PBS twice and fixed with 3.7% formaldehyde. After incubating the cells for 1 hour using Oil Red O dye, isopropanol was added, and the absorbance was measured at 510 nm to determine the amount of triglycerides.
Fatty Acid Synthase (FAS) Expression.
The 3T3-L1 cells were washed twice with ice-cold PBS and then lysed with a lysis buffer (50 mM Tris-HCl, 1% Triton X-100, 0.5% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM sodium orthovanadate, 1 mM NaF, and 0.2% protease inhibitor cocktail, pH 7.2). The collected protein was centrifuged at 14,000 rpm for 5 minutes, and the supernatant was collected for protein quantification. Then, 30 g of protein was loaded in 10% SDS-PAGE for electrophoresis, after which it was transferred to a nitrocellulose membrane and reacted with FAS antibodies (1 : 1000), anti-mouse antibody (1 : 1000), and detected by ECL.
Peroxisome Proliferator-Activated Receptor (PPAR-)
Transcription Activity. The effect on PPAR-activity in 3T3-L1 cells was measured using a PPAR-transcription factor assay kit (Cayman Chemical). The 3T3-L1 cells were treated with rosiglitazone and each concentration of MBAB, and then the cell extract was added to a dsDNA sequence-coated plate. The PPAR-antibodies and the secondary antibodies were reacted in order, and then a detection reagent was added and absorbance was measured at 450 nm.
Statistical Analysis.
All data were presented as mean ± standard deviation (SD). The significance of the differences between groups was tested using one-way analysis of variance (ANOVA).
Results and Discussion
Effects on Cell Viability.
The MTT assay showed that MBAB did not cause significant cell death at a concentration of less than 50 M, whereas resveratrol and genistein reduced the cell viability in a concentration-dependent manner (Figure 2) . Therefore, our results indicate that MBAB has lower cytotoxicity compared to resveratrol and genistein. 
Inhibitory Effects on Adipocyte Differentiation.
After confirming the absence of cytotoxicity in 3T3-L1 cells treated with MBAB at concentrations of less than 50 M, the effect on adipocyte differentiation was measured. As shown in Figure 3 , MBAB suppressed the adipocyte differentiation of 3T3-L1 cells in a concentration-dependent manner after they were induced to differentiate after being treated with a hormone mixture. MBAB strongly suppressed adipocyte differentiation at a concentration of 50 M, which was similar to the control group. In particular, MBAB exhibited a higher adipocyte differentiation suppressing activity at all concentrations compared to the same concentrations of resveratrol or genistein. Figure 4 shows photographs of 3T3-L1 cells treated with MBAB and stained with Oil Red O.
Inhibitory Effects on FAS Expression.
Fatty acid is synthesized by the action of fatty acid synthase (FAS), an enzyme with a molecular weight of 250 kDa, using malonyl-CoA as substrate [14] [15] [16] [17] . FAS is known as important factor in the regulation of fat biosynthesis and obesity. Thus, FAS inhibitors can effectively reduce fat production and suppress obesity. The effect of MBAB on the intracellular expression of FAS was measured as shown in Figure 5 . MBAB inhibited the increase in FAS production in 3T3-L1 cells that were induced by a hormone mixture in a concentration-dependent manner. Therefore, it is considered that MBAB impairs lipid production by suppressing fatty acid biosynthesis through FAS reduction.
Inhibitory Effects on PPAR-Activity.
PPAR-regulates fatty acid storage and glucose metabolism [18] . Since the PPAR-signaling pathway is known to be a major target for the development of antiobesity drugs, the effect of MBAB on PPAR-transcriptional activity was measured. The results show that MBAB suppressed rosiglitazone induced PPARtranscriptional activity in a concentration-dependent manner, and the degree of inhibition at 50 M was 55% compared to control (Figure 6 ).
